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Low-energy helium-neon lasers (He-Ne laser, wave-
length 632.8 nm) have all the normal properties of
lasers, including monochromaticity, parallelism, and
coherence. However, the energy output is so low that
direct irradiation (biostimulation), rather than a thermal
effect, is responsible for the biological alterations they
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Segmental vitiligo (SV) is a special form of vitiligo occurring in a dermatomal distribution, and
an abnormality involving the sympathetic nerves supplying the affected dermatome is known to
underlie this disorder. Previously, we have shown that SV is associated with an abnormal increase in
cutaneous blood flow and adrenoceptor responses in the affected areas. Since SV is resistant to con-
ventional forms of therapy, its management represents a challenge for dermatologists. Low energy
helium-neon lasers (He-Ne laser, wavelength 632.8nm) have been employed as a therapeutic instru-
ment in many clinical situations, including vitiligo management and repair of nerve injury. The
purpose of this study was to evaluate the effectiveness and safety of He-Ne lasers in treating SV, and
determine their effects on the repair of sympathetic nerve dysfunction. Forty patients with stable-
stage SV on the head and/or neck were enrolled in this study. He-Ne laser irradiation was admin-
istered locally at 3.0 J/cm2 with point stimulation once or twice weekly. Cutaneous microcirculatory
assessments in six SV patients were performed using a laser Doppler flowmeter. The sympathetic
adrenoceptor response of cutaneous microcirculation was determined by measuring cutaneous
blood flow before, during and after iontophoresis with sympathomimetic drugs (phenylephrine,
clonidine and propranolol). All measurements of microcirculation obtained at SV lesions were
simultaneously compared with contralateral normal skin, both before and after He-Ne laser treat-
ment. After an average of 17 treatment sessions, initial repigmentation was noticed in the majority of
patients. Marked repigmentation (> 50%) was observed in 60% of patients with successive treat-
ments. Cutaneous blood flow was significantly higher at SV lesions compared with contralateral skin,
but this was normalized after He-Ne laser treatment. In addition, the abnormal decrease in cutaneous
blood flow in response to clonidine was improved by He-Ne laser therapy. Our study showed
that He-Ne laser therapy is an effective treatment for SV by normalizing dysfunctions of cutaneous
blood flow and adrenoceptor responses in SV patients. Thus, the beneficial effects of He-Ne laser
therapy may be mediated in part by a reparative effect on sympathetic nerve dysfunction.
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induce. By definition, low-energy lasers do not pro-
duce temperature elevations above 0.1–0.5°C in irra-
diated tissues [1–3]. Low energy lasers have potential
therapeutic applications in rheumatoid arthritis [4],
wound healing [5], postherpetic neuralgia [6,7], and
recovery following nerve injury [8,9]. The continuous
wave He-Ne laser has been most frequently employed
in these clinical situations [10]. Recently, studies have
demonstrated that low-energy lasers induce biostim-
ulatory effects on cultured cells. He-Ne laser irradia-
tion stimulates the release of various growth factors
by macrophages and other cells and results in the pro-
liferation of fibroblasts and keratinocytes [11–14]. We
have previously shown that He-Ne laser irradiation
could induce the release of basic fibroblast growth
factor (bFGF) and nerve growth factor (NGF) from
cultured keratinocytes, and stimulate migration and
proliferation of cultured melanocytes [15]. Moreover,
He-Ne lasers have been found to induce locomotion
of immature melanoblasts and promote melanogene-
sis of differentiated melanoblasts in vitro [16]. These
results suggest that He-Ne lasers may have biosti-
mulatory effects on various cell types residing in 
the skin.
Vitiligo is a common pigmentary disorder char-
acterized by depigmented macules due to the loss 
of melanocytes. The mechanisms underlying how
melanocytes disappear from vitiliginous skin is still
not completely defined. Clinically and physiologi-
cally, vitiligo can be classified into two distinct types:
nonsegmental-type vitiligo (NSV), which is associated
with autoimmune diseases, and segmental-type vitiligo
(SV), which occurs in a dermatomal distribution and
is associated with a dysfunction of the sympathetic
nerves in affected skin [17,18]. The sympathetic ner-
vous system has a profound effect on cutaneous blood
flow, mainly by influencing arterioles and arterio-
venous anastomoses (thermoregulatory vessels) [19].
Therefore, measurement of cutaneous blood flow and
its adrenoceptor response can reflect the sympathetic
nerve function of a certain skin area. Previously, we
demonstrated that cutaneous blood flow and adre-
noceptor responses are abnormally increased in SV
lesions [18].
Conventional therapies for patients with vitiligo
include topical corticosteroids, phototherapy, and pho-
tochemotherapy. Recent investigations have reported
63% effectiveness for ultraviolet-B light (UVB), 75% for
NB-UVB, 45% for topical psoralens and ultraviolet-A
light (PUVA), 63% for oral PUVA, and 44% for topical
steroid therapy in vitiligo treatment (including all
types of vitiligo) [20–22]. Twenty to 40 sessions of
PUVA treatments are usually required before initial
repigmentation occurs [21]. Although these therapeu-
tic modalities may induce varying degrees of repig-
mentation in vitiligo lesions, potential undesirable
effects, including erythema, bullous formation, and
hyperpigmentation, may occur. In particular, chronic
irradiation of periocular vitiligo lesions may lead to
ophthalmic damage, such as cataract and visual acu-
ity deterioration. Furthermore, SV responds poorly
to these forms of treatment, with only surgical in-
tervention during the stable stage showing efficacy
[23–26], but patients fear surgery and anesthesia.
Thus, finding a safe and effective treatment for SV is
an important aspect of current research.
Previous reports have shown that He-Ne laser irra-
diation leads to biological effects, such as an improve-
ment in nerve injury [8,27]. We have also shown in
our pilot study that a low energy He-Ne laser is effec-
tive for treating patients with SV [15]. The purpose 
of this study was to further evaluate whether He-Ne
laser therapy is a safe and effective treatment modality
for SV, and to clarify its biological effects on the repair
of sympathetic nerve dysfunction.
MATERIALS AND METHODS
Subjects
Forty patients with facial and/or neck stable-stage SV
were selected for this study. There was no history of au-
toimmune diseases (such as thyroid disease, Addison’s
disease, pernicious anemia, insulin-dependent dia-
betes mellitus or alopecia areata) or other systemic
diseases among these patients. None of the patients
had received treatment for vitiligo in the preceding 
3 months. There were 17 females and 23 males, with
ages ranging from 3 to 43 years (mean age, 20 ±
12 years). Assessments of cutaneous blood flow and
sympathetic adrenoceptor responses were performed
and analyzed in six patients who experienced obvi-
ous repigmentation (50%) after He-Ne laser treatment.
In addition, 10 healthy individuals without vitiligo
were enrolled as normal controls for the experiments
on cutaneous blood flow. The study was approved 
by the Institutional Review Board of the Kaohsiung
Medical University.
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Treatment of vitiliginous lesions with 
He-Ne laser irradiation
A continuous wave He-Ne laser (OMNIPROBETM
Laser Biostimulation System, Physio Technology,
Topeka, KS) with an average power output of 1.0 mW
was used for treatment as previously described in
our pilot study [15]. It was designed for point sti-
mulation (irradiation point by point) once or twice 
a week, and the irradiating flux for each treatment
point was 3.0 J/cm2. No other therapeutic interven-
tions were employed during the course of He-Ne
laser treatment.
Evaluation of repigmentation
Vitiliginous lesions in all patients were manually traced
and the square centimeters of involvement counted
on an overlaid grid. The lesions were recorded regu-
larly before, during and after He-Ne laser therapy.
The percentage of repigmentation after He-Ne laser
treatment was defined as follows: (area of repigmented
vitiligo lesion ÷ area of vitiligo lesion prior to He-Ne
laser therapy) × 100%.
Laser Doppler flowmetry
Cutaneous microcirculatory assessments were per-
formed as previously described in our pilot study [18].
A laser Doppler flowmeter (PeriFlux, PF3, Perimed,
Sweden) was used for cutaneous blood flow mea-
surement. For comparison, the blood flow of con-
tralateral normal skin was also measured. Standard
probes (PF408) were fixed on lesions and the con-
tralateral normal skin, and measurements were made
simultaneously before He-Ne laser treatment. The
blood flow (blood cell flux or perfusion) was expressed
in perfusion units (PUs). The flow was calculated by
the product of the number of red blood cells moving
in the measured volume (within the surface capillar-
ies of the skin) and the mean velocity of these cells.
The perfusion ratio (PR) is defined as: (perfusion
units of lesional skin ÷ perfusion units of contralat-
eral normal skin) × 100%. After obvious repigmen-
tation induced by regular He-Ne laser treatment,
standard probes were fixed on the lesions (residual
vitiligo lesion or repigmented area) and the contra-
lateral normal skin, and measurements were made
simultaneously. All measurements were repeated three
times, and the mean values of perfusion units were
analyzed by Perisoft, the Perimed analysis program
for PeriFlux.
Sympathetic adrenoceptor response
The α- and β-adrenoceptor responses of the cutaneous
microcirculation were measured using the method of
Ekenvall and Lindblad with a slight modification, as
described previously in our pilot study [18,28]. The
Perilont MicroPharmacology System (Perimed) was
employed for iontophoresis. Cutaneous blood flow
was recorded with a laser Doppler flowmeter before,
during and after the iontophoresis. The probe holders
with a drug delivery electrode (PF383, Perimed) were
placed on the lesion and the contralateral normal skin.
Phenylephrine (1 mM; Sigma, St Louis, MO, USA),
clonidine (10 mM; Sigma) and propranolol (10 nM;
Sigma) were used as α1-, α2-adrenoceptor agonists and
β-adrenoceptor antagonist, respectively. The intensity
of the electric current was maintained at 200 μA DC
during the iontophoresis. After obvious repigmenta-
tion by regular He-Ne laser treatment, the standard
probes were fixed on the lesions (residual vitiligo lesion
or repigmented area) and the contralateral normal
skin, and measurements were made simultaneously.
All measurements were repeated three times.
Statistical analysis
Statistical analysis was performed using SPSS version
11.0 (SPSS Inc., Chicago, IL, USA). Data are expressed as
mean± standard deviation. Statistical significance was
tested using paired and unpaired Student’s t tests or
one-way ANOVA. Statistical significance was defined
as p < 0.05.
RESULTS
Low-energy He-Ne laser therapy is a safe
and effective treatment modality for SV
Patients with SV were treated with a He-Ne laser
once or twice a week; their treatment responses are
shown in Table 1. Among the 40 patients who received
He-Ne laser treatment, the majority exhibited initial
repigmentation at the edges (perilesional repigmen-
tation) after receiving an average of 17±10 treatments.
After further treatment, both perilesional and perifol-
licular repigmentation could be seen in most patients.
Marked repigmentation ( > 50%) was observed in 60%
of patients following successive treatments. The repig-
mented areas were similar in color to normal skin,
and no obvious hyperpigmentation was noticed. Three
patients (7.5%) experienced complete repigmentation
He-Ne laser treatment in segmental-type vitiligo
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after 20 ± 4 treatment courses, but needed to maintain
one to two treatments per month in order to avoid re-
depigmentation. Six patients (15%) achieved 76–99%
repigmentation after 158 ± 32 treatments; 15 patients
(37.5%) showed 51–75% repigmentation after 132 ± 76
treatments; 12 patients (30%) displayed 26–50% repig-
mentation after 89 ± 47 treatments; two patients (5%)
achieved <25% repigmentation after 69±45 treatments;
and two patients (5%) had no repigmentation at all.
One of these patients had had vitiligo for 16 years,
the other for 30 years. This is consistent with earlier
reports indicating that patients with longer duration
of the disease are more resistant to therapy [29]. There
was no significant difference between the early-onset
(≤ 12 years old, 52.8 ± 19.7%) and late-onset (> 12 years
old, 55.6 ± 31.1%) groups in terms of treatment res-
ponse. Nine patients (22.5%) were lost in follow-up
due to schoolwork, busy jobs, distant residence, poor
treatment response or other reasons. There was no obvi-
ous discomfort or side effects during or after He-Ne
laser therapy for any of the patients.
In the Figure, we show one typical case of SV dem-
onstrating obvious repigmentation following He-Ne
laser treatment. This was a 5-year-old girl who had
vitiligo on the right cheek for 1 year. She had previ-
ously accepted short-term topical PUVA combined
with topical steroid treatments in another hospital.
Obvious perilesional hyperpigmentation, hypertricho-
sis and telangiectasia were noticed, in addition to no
clinical improvement (Figure A). After 174 treatment
sessions, 84% repigmentation was found. In addition,
the previous perilesional hyperpigmentation, hyper-
trichosis and telangiectasia gradually improved after
ceasing former treatments (Figure B).
Improvement in microcirculation at the
lesional site of SV after He-Ne laser
treatment
Six patients with marked repigmentation following
He-Ne laser treatment underwent microcirculatory
assessments. As shown in Table 2, the pretreatment PR
between lesion sites and contralateral normal skin for
Table 1. Effectiveness of He-Ne laser treatment in 40 SV patients
Repigmentation, % Patients, n (%)
Initial repigmentation, 
Total number of treatments
number of treatments
100 3 (7.5) 7 ± 1 20 ± 4
76–99 6 (15) 19 ± 13 158 ± 32
51–75 15 (37.5) 17 ± 8 132 ± 76
26–50 12 (30) 20 ± 11 89 ± 47
≤ 25 2 (5) 16 ± 1 69 ± 45
0 2 (5) 53 ± 13
Total 40 (100)
A B
Figure. (A) A 5-year-old girl who had vitiligo on the right cheek for 1 year. She had undergone treatment with short-term topical
PUVA combined with topical steroids in another hospital. Obvious perilesional hyperpigmentation, hypertrichosis and telangiectasia
were noted, in addition to no clinical improvement. (B) After 174 treatment sessions, there was 84% repigmentation. In addition, the
previous perilesional hyperpigmentation, hypertrichosis and telangiectasia gradually improved after the former treatment was stopped.
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these six patients was 2.9 ± 0.6, while the PR between
lesion side normal skin and contralateral normal skin
was 1.4 ± 0.2. This difference was statistically signifi-
cant (p<0.01). After He-Ne laser treatment with obvious
repigmentation, the PR between the residual lesions
and contralateral normal skin decreased to 1.6 ± 0.2,
and the PR between the repigmented lesions and con-
tralateral normal skin decreased to 1.5 ± 0.2. The PRs
of the residual lesions and repigmented areas of SV
patients after He-Ne laser treatment were not signifi-
cantly different compared to normal controls (1.4±0.2).
Hence, after He-Ne laser treatment, there was a sig-
nificant normalization of cutaneous microcirculation
in the SV lesional skin.
We also found that the PU was not the same be-
tween the two sides in normal controls (the PR between
the high PU side and the low PU side was 1.4 ± 0.2). 
It was not possible to predict which side would have
the higher PU, and it is not related to hand dominance.
The physiologic significance of this PU difference is
unclear.
Improvement in adrenoceptor response of the
SV lesional site after He-Ne laser treatment
As shown in Table 3, the six SV patients with marked
repigmentation were given iontophoresis with phen-
ylephrine (α1-agonist), clonidine (α2-agonist), and pro-
pranolol (β-blocker) before He-Ne laser treatment,
resulting in a marked decrease in blood flow at the
lesional sites. The average decreases in blood flow
were 20.5 ± 7.8% (phenylephrine), 46.4 ± 13.0% (cloni-
dine), and 32.3 ± 9.8% (propranolol). Following He-
Ne laser treatment with significant repigmentation,
there was a partial normalization of blood flow. At
residual vitiligo lesion sites, the average decreases
were 22.8 ± 18.9% (phenylephrine), 30.1 ± 15.8% (cloni-
dine) and 27.7 ± 8.3% (propranolol). At the repigmen-
tation sites, the average decreases were 19.6 ± 10.2%
(phenylephrine), 18.1 ± 11.6% (clonidine), and 24.0 ±
11.4% (propranolol). The normalization of blood flow
was statistically significant in the clonidine group (one
way ANOVA, p < 0.05), but not in the phenylephrine
or propranolol groups. Hence, He-Ne laser treatment
Table 2. Perfusion ratios for SV lesions and normal skin to contralateral normal skin before He-Ne laser treatment, and
for residual vitiligo lesions and repigmented lesions to contralateral normal skin after He-Ne laser treatment
Perfusion ratio (PR)
Before He-Ne laser treatment After He-Ne laser treatment
Lesion/Normal Normal/Normal Lesion#/Normal Repigment/Normal
SV (n = 6) 2.9 ± 0.6* 1.4 ± 0.2 1.6 ± 0.2 1.5 ± 0.2
Normal controls (n = 10) 1.4 ± 0.2†
*p < 0.01 when compared with other groups; †PR of normal control group (high PU side/low PU side). Lesion/Normal = ratio of SV
lesion perfusion units (PUs) compared with PUs of contralateral normal skin before treatment; Normal/Normal = lesion side normal
skin PUs compared with PUs of contralateral normal skin before treatment; Lesion#/Normal = residual vitiligo lesion PUs compared
with PUs of contralateral normal skin after treatment; Repigment/Normal = repigmented lesion PUs compared with PUs of 
contralateral normal skin after treatment.
Table 3. Comparison of sympathetic adrenoceptor responses in SV lesions before He-Ne laser treatment and residual
vitiligo lesions and repigmented areas after He-Ne laser treatment*
Before He-Ne laser 
treatment (n = 6) After He-Ne laser treatment (n = 6) Normal controls
† (n = 10)
Lesion, % Residual lesion, % Repigmented area, % Normal area, %
Phenylephrine 20.5 ± 7.8 22.8 ± 18.9 19.6 ± 10.2 3.2 ± 0.6
Clonidine‡ 46.4 ± 13.0 30.1 ± 15.8 18.1 ± 11.6 6.4 ± 1.2
Propranolol 32.3 ± 9.8 27.7 ± 8.3 24.0 ± 11.4 4.7 ± 1.1
*Data expressed as percent of blood flow decrement measured over a 15-minute period following iontophoresis with sympath-
omimetic drugs; †sympathetic adrenoceptor response in 10 normal controls is also shown as a reference for comparison; ‡normalization
of blood flow was statistically significant in the clonidine group (one-way ANOVA, p < 0.05).
caused a normalization of sympathetic adrenoceptor
responses to clonidine (α2-agonist), and may have
reparative effects on adrenoceptor dysfunction.
DISCUSSION
Vitiligo is an acquired disorder of pigmentation in
which depigmentation of skin and hair occurs due to
a loss of melanocytes from the epidermis. SV occurs
in an asymmetric dermatomal distribution. Due to its
earlier onset, recalcitrant course, and decreased asso-
ciation with autoimmune diseases, SV is regarded as
a special form of vitiligo [24,30]. After various forms of
therapy, repigmentation of vitiligo lesions may occur.
This involves the proliferation of inactive melanocytes
in the outer root sheath of the hair follicle, followed
by their upward migration to the adjacent epidermis
to form perifollicular pigment islands [31].
Low energy He-Ne laser treatment has been shown
to be a safe and effective treatment modality for pa-
tients with vitiligo [15]. In a study involving 18 vitiligo
patients, Mandel et al (1997) reported that after 6–8
months of He-Ne laser therapy, marked repigmenta-
tion was seen in 63.9% of patients and some follicular
repigmentation was seen in 34.4% of patients [32]. In
this study, initial repigmentation was noticed after an
average of 17 He-Ne laser therapy sessions. Marked re-
pigmentation (>50%) was observed in 60% of patients
following successive treatments and three patients
(7.5%) showed 100% recovery. Thus, our results con-
firm that He-Ne laser irradiation is effective in treat-
ing SV. The effectiveness of He-Ne laser treatment 
is comparable with that of conventional therapies for
vitiligo (Table 4) [20–23,26,29,33–35].
The low energy He-Ne lasers used in this study
are categorized as class 2 lasers. They are considered
to be safe, but the doctor and patient should not stare
directly into the light beam. No obvious adverse
effects were found in our patients or reported in the
literature [36]. Unlike therapy with ultraviolet light,
He-Ne laser treatment did not result in erythema,
bullous formation, or hyperpigmentation. In addition,
long-term He-Ne laser treatment of periocular vitiligo
lesions did not lead to any impairment in visual acuity,
even if no eye protection equipment was worn during
therapy.
The pathogenesis of SV remains obscure. Since de-
pigmentation occurs in a dermatomal distribution, an
abnormality involving the segmental nerves supplying
the affected dermatome may underlie this disorder.
Previously, we demonstrated a nearly threefold in-
crease in cutaneous blood flow at SV lesions compared
with contralateral normal skin, which was associated
with a significant increase in the cutaneous adreno-
ceptor responses in SV lesions [18]. This suggests that
a dysfunction of the sympathetic nerves supplying
the affected dermatome exists in the affected skin, and
may play a role in the pathogenesis of SV. Sympa-
thetic nerves control blood flow through the skin, and
are responsible for the vasoconstriction response in
cutaneous vessels. Therefore, damaged sympathetic
nerves may lead to vasodilatation and an increase in
cutaneous blood flow in SV lesions. In addition, it is
conceivable that sympathetic nerve dysfunction may
result in abnormal and excessive cutaneous adreno-
ceptor response in the lesional skin. However, further
investigations are required to clarify the association
between the abnormalities in cutaneous microcircu-
lation, dysfunction of sympathetic nerves, and loss of
functional melanocytes in SV.
The mechanisms by which He-Ne laser treatment
induces repigmentation of vitiligo lesions are still un-
clear, although several hypotheses have been pro-
posed. Previously, we have demonstrated that He-Ne
laser irradiation can induce the release of basic fibro-
blast growth factor (bFGF) and nerve growth factor
(NGF) from cultured keratinocytes and stimulate the
migration and proliferation of cultured melanocytes
[15]. bFGF is a melanocyte growth factor, whereas
NGF promotes melanocyte survival in skin. Thus, by
stimulating the release of these two cytokines, He-Ne
laser therapy may induce perilesional and perifollic-
ular repigmentation in SV patients. In addition, there
have been reports indicating that He-Ne laser ther-
apy has reparative effects on the microcirculation and
nerve cells [9,37–39]. Since we have shown that SV is
associated with dysfunctions of the cutaneous micro-
circulation and sympathetic nerves, it is possible that
He-Ne laser therapy may lead to improvements in
these abnormalities. In this study, the increase in micro-
circulation at SV lesional sites was normalized after
He-Ne laser therapy. In fact, the residual lesions and
repigmented areas of SV patients after He-Ne laser
treatment showed no significant differences in PR
compared with normal controls. In addition, the assay
of sympathetic adrenoceptor function in residual le-
sions and repigmented areas demonstrated progressive
He-Ne laser treatment in segmental-type vitiligo
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improvement (namely, the percent of lesional PU after
iontophoresis decreased in the following order: before
treatment > residual vitiligo after treatment > repig-
mented area after treatment). The phenylephrine and
propranolol groups showed improvement, but only
the clonidine group showed statistical significance.
Thus, the beneficial effect of He-Ne laser therapy on
vitiligo lesions may be mediated partially by reparative
effects on the cutaneous microcirculation and damaged
sympathetic nerves. One possible explanation for this
phenomenon may be that a He-Ne laser, through bio-
stimulation, regulates the local physiologic condition
of the lesion and creates an environment favorable
for melanocyte survival. Normalization of PR is an
important indicator of the biostimulatory regulation
of cutaneous microcirculation [38]. However, we also
found that, even in the repigmented lesion, the sym-
pathetic adrenergic responses had not completely re-
covered. This may be the reason why the three patients
with complete repigmentation still needed mainte-
nance therapy twice a month to prevent recurrence.
The duration of He-Ne laser therapy required to com-
pletely repair the dysfunction of sympathetic nerves,
and the effect of a He-Ne laser on individual α- and
β-adrenoceptors, require further study.
Our results confirmed the effectiveness and safety
of He-Ne lasers in treating SV, and showed that 
this may be mediated in part by an improvement of
sympathetic nerve dysfunction. The effectiveness of
He-Ne laser treatment is comparable to that of con-
ventional therapies for vitiligo. He-Ne laser irradi-
ation is an easier treatment modality to administer,
less expensive and has no adverse effects compared
with other conventional therapies. Hence, we con-
clude that He-Ne lasers can effectively treat SV and
have reparative effects on damaged sympathetic nerve
function.
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